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he  objective  of  this  program  was  to  provide  an  improved  method  of  manu- 
facturing military  gun  barrels  ranging  in  liore  size  from  .22  to  .50  caliber. 
During  this  project,  suitable  equipment  was  purchased,  and  a pilot  line  for 
cold  rotary  forging  of  barrels  was  established.  Excellent  bore  qualities, 
reproducibility,  reduced  process  time  and  reduced  tooling  costs  were  demon- 
strated. By  • i fling,  chambering,  and  simultaneous  exterior  contouring,  many 
conventional  machining  operations  were  eliminated  with  a gain  in  production 
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rate.  The  cold  rotary  forging  of  gun  barrels  has  been  implemented  as  a produc- 
tion process  for  the  Rock  Island  Arsenal.  Greater  utilization  will  occur  when 
engineering  design  is  more  closely  correlated  to  the  manufacturing  process. 
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PREFACE 


This  project  was  accomplished  as  part  of  the  US  Army  manufacturing 
technology  program.  The  primary  objective  of  this  program  is  to  develop, 
on  a timely  basis,  manufacturing  processes,  techniques,  and  equipment 
for  use  in  production  o’'  Army  materiel. 

The  cooperation  and  assistance  received  from  Michael  Tanaka,  former 
project  officer,  and  from  Jack  Hogan,  forge  shop  foreman,  is  gratefully 
acknowledged. 


FINAL  PROJECT  STATUS  REPORT  (RCS  AMCRD-127) 

US  ARMY  ARMAMENT  COMMAND/ROCK  ISLAND  ARSENAL 

Rock  Island,  Illinois  61201  DATE:  1 June  1975 

1.  PROJECT  NUMBER.  6737300  BUDGET  CODE.  PW  A3297 

2.  PROJECT  TITLE.  MM&T:  Cold  Rotary  Forging  of  Small  Caliber  Gun  Barrels 

3.  MAJOR  END  ITEMS  SUPPORTED. 

a.  MAJOR  END  ITEMS.  Small  arms  weapon  systems. 

b.  COMPONENTS  SUPPORTED. 

(1)  7.62mm  M219  machine  gun  barrel 

(2)  7.62mm  M13i»  mini  gun  (Gau  barrel) 

(3)  .30  caliber  machine  gun  barrel 
(^)  5.5&wn  M16a1  rifle  barrel 

(5)  50  cal.  M8C  spotting  rifle  barrel 

(6)  7.62n8n  Mill  National  Match  rifle  bairel 

(7)  other  small  arms  weapon  barrels 

k,  FACILITIES  SUPPORTED.  Rock  Island  Arsenal  (GOGO) 

” ' ' Arsenal  Operations  Directorate 

US  Army  Armament  Command 
Rock  Island,  Illinois  61201 

5.  TECHNICAL  AREA(S)  SUPPORTED.  Small  anas  barrel  manufacturii^g  technology. 

6.  MILESTONE  CHART.  None  (Project  completed) 

7.  t^CATION  OF  WORK. 

a.  In-house  and  contract, 

b.  Rock  Island  Arsenal,  Rock  Island,  Illinois  6i?01 
GKM,  Steyr,  Austria 

8.  PERIOD  COVERED.  1 Dec  7*»  to  1 -v'  "5 

9.  STAm  OF  WH0IHG.(a3  of  1 June  75) 


In-house 

Contract 

Total 

a.  Funds  Authorized 

Hao^ocT 

"ISSoTooo 

I5007000 

b.  Ponds  Obligated 

li*2,l23 

357,877 

500,000 

(1)  7><-P-0313 

IL  ,6ii7 

(a)  7>»-M-2189 

1,100 

(3)  7I4-M-2U79 

2,109 

(i»)  DAA  P01-73-C-0173 

331.561 

(5)  74-C-OO77 

8,l*6o 
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In-house  Contract  Total 

c.  Funds  Expended  $l42,522  $3^*9, ^*17*  ^^*91,939 

*A11  that  remains  to  be  expended  in  the  final  billing  and  payment 
for  spare  parts  under  Contract  NO.  7l*-C-0077. 

d.  Percent  {%)  of  Physical 

Completion  100^  100^  100^ 

10.  PROJECT  OFFICER.  John  Jugenheimer,  Ext.  Ul35 

11.  ACCOMPLISHMENTS . An  evaluation  of  the  configurations  of  different  caliber 
small  arms  rifle  benrrels  was  made  in  conjunction  with  the  rotary  forging 
process.  From  this,  a purchase  description  was  written  and  submitted  for 

bid  for  a horizontal  barrel  forging  machine.  GFM  Machines,  Inc,  (Steyr, 
Austria)  was  awarded  the  contract  for  a Model  SHK  10  Barrel  Forging  Machine. 

The  GFM  machine  has  the  capabilities  of  hot  or  cold  forging,  rifling,  and 
chambering  with  simultaneous  exterior  contouring  to  precision  tolerances. 

The  equipment  was  installed  in  the  Forge  Shop  at  the  Rock  Island  Arsenal. 

The  project  implemented  and  tested  a pilot  line  for  the  cold  rotary 
forging  of  several  small  anas  barrels  ranging  from  .17  to  .50  caliber.  Tool- 
ing in  the  form  of  tungsten  carbide  mandrels  and  forging  hammers  was  pro- 
vided by  GFM.  Barrel  preforms  were  fabricated  from  GFM  design  at  the  Rock 
Island  Arsenal,  Conventional  chroraium-molybdenum-vonadiuro  barrel  steel  of 
hoi'dness  Rockwell  C25-30  (per  Mil-S-1195)  was  used.  Preform  design  pai'a- 
meters  were  programmed  into  a Hewlett  Packard  Model  9830A  programable  cal- 
culator. The  prlnt-out  includes  final  preform  drawings  and  data  that  can 
be  used  directly  in  machine  set-up. 

During  the  project,  .22  caliber  Ml6  (heavy  wailed  configuration),  7.62mm 
M219  machine  gun,  7»62tRm  M13t,  .50  caliber  M8c  spotting  rifle,  7.62ram  Ml*i 
National  Match  (with  double  taper  exterior  contouring)  barrels  were  aueeess- 
i*ully  rifled.  Additional  rifling  for  .17  caliber  (i<.3a!aii)  and  5.56mm  Mann 
barrels  and  rotai7  forging  of  sujjer-alloy  metal  M13l<  barrels  for  the  Research 
Directorate  was  also  done  successfully. 

Twenty-two  caliber  Ml6  arid  T.oatwa  barrels  were  successfully  rifled  and 
chambered.  These  two  sizes  of  barrels  were  mouiiied  on  weapon  actions  and 
test  fired  for  accuracy.  Both  sizes  of  barrels  exceeded  military  accuracy 
requirements.  The  .MlJi  National  Match  barrels  are  currently  being  adapted 
to  receivers  to  be  test  fired  for  accuracy  under  a development  program  by 
the  General  Thomas  J.liodiaan  Laboratory. 

CONCLUSIONS. 

a.  Tlte  rotary  forging  process  is  an  improved  method  of  manufacturing 
military  small  arms  barrels. 

b.  Small  arms  rifle  and  machine  gun  barrels  from  .17  caliber  to  .50 
caliber  inclusive  can  be  successfully  rifled  on  the  GFM  Model  SIOC  10  Forg- 
ing Machine. 
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c.  Rifling  £ind  chambering,  including  simultaneous  outside  contouring, 
can  be  successfully  achieved. 

d.  Rifling  is  best  achieved  between  a Z\%  to  29^  reduction  in  cross- 
sectional  area.  Rifling  with  chambering  is  best  achieved  between  a 37!? 

to  39^  reduction. 

e.  Precision  sniper  rifle  grade  barrel  rifling  occurs  in  a narrow 
range  of  machine  settings.  The  extremes  result  in  either  "underfilling" 
of  the  lands  (represented  as  rounded  corners)or  "overfillinK"  of  the  lands 

(represented  as  tearing  or  galling  ^d  will  drastically  reduce  mandrel  life. 

f.  Metallurgical  analyses  demonstrate  that  rotary  forged  barrels  meet 
or  exceed  military  requirements.  Improved  grain  structure,  increased  tough- 
ness, better  corrosion  resistance,  and  finer  surface  finish  result  from  the 
process.  In  general,  the  geometry  and  surface  finish  of  the  mandrel  are 
j'eflected  precisely  in  the  barrel  bore.  Bore  finishes  of  0 micro  inch 
(arithmetric  average)  or  less  ai*e  possible. 

g.  Rotary  forged  barrels  exceed  military  accuracy  requirements. 

h.  Bore  variation  is  drastically  reduced  and  straightness  increased. 
Variations  of  less  thait  .0001^  inches  are  common. 

i.  Greater  utiliaation  of  rotary  forging  for  barrel  production  viil 
occur  when  engineering  design  is  more  closely  correlated  to  this  process. 

12.  PROBLEM  None 

13.  TOURE  WORK.  None 

BENEFITS. 

a.  Any  item  in  the  Army  Material  Plan  (AMI*)  that  ca»i  be  manufactured 
more  economically  aj\d/or  with  better  properties  by  rotary  forging  will  bene- 
fit from  thin  project.  Military  small  arms  weaponry  will  be  greatly  improv- 
ed by  the  adoption  of  this  process.  The  benefits  to  the  Govertuaent  include: 
(I)  reduced  tooling  and  labor  costs  and  increased  piHidueiion  by  using  one 
forging  operation  for  rifling,  chambering,  and  exterior  contouring,  (2) 
metallurgical ly  improved  veaponn  due  to  finer  micro-structure,  (3)  much 
higher  production  rates  for  difficult  to  machine  super-alloy  barrel  materials 
required  for  rapid  firing  weapon  systems,  and  (h)  the  ability  to  produce 
extremely  accurate  small  arms  independent  of  operator  skills. 

b.  No  by-product  discoveries  liave  been  encountered. 

c.  The  enclosed  representative  cost  reductions  have  been  identified 
during  this  project  (Gee  Inelosure  I) 

15.  IMPLEMENTATION  PH0CEDUIIE5 . All  manufacturing  personnel  responsible  for 
barrel  production  have  been  briefed  on  the  OFM  machine  and  the  rotary  forging 
process.  A set-up  taoii  has  been  trained  in  the  operation  of  the  machine  and 
set-up  procedure.  A selection  of  four  different  types  of  barrels  was  used 
during  a two-week  ttaining  session.  A Methods  Engineer  worked  with  the  set- 
up man  to  develop  sklilo  in  preparing  a program  method  sheet.  A Toolitig 
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Engineer  was  instructed  on  pai-ameters  for  tooling,  preforms  and  template 
design. 

During  the  training  session,  a machine  set-up  and  operation  guideline 
was  prepared  and  distributed.  Method  programs  of  previously  forged  barrels 
of  various  calibers  were  included  as  an  aid  for  future  set-ups. 

l6.  REMARKS . The  rotary  forging  process  is  a revolutionary  improved 
method  of  rifling  and  chambering  small  arms  rifle  barrels,  eliminating 
much  tooling  while  improving  barrel  quality.  Accuracy  data  was  obtained  from 
barrels  that  were  not  chrome  plated,  however.  Future  work  would  have  to 
include  the  plating  process  if  an  accurate  comparison  i-s  to  be  made 
between  conventionally  machined  barrels  and  rotary  forged  barrels.  Ex- 
tremely precise  dimensions  for  rifling  are  obtained  in  a very  narrow  range 
of  machine  adjustments.  Chambering  of  barrels  after  rifling  requires  a 
good  knowledge  of  the  forging  process  and  considerable  «o’‘king  experience. 

Future  trends  in  rifle  production  in  private  industry  all  point  toward 
this  new  process.  A vast  majority  of  commercial  shotgun  and  rifle  barrels 
manufectured  in  oui*  eoutjtry  today  are  a result  of  rotai'y  forging.  Currently, 
the  production  of  a .50  caliber  barrel  is  being  planned  at  the  Rock 
Island  Arsenal.  Tljis  effort  includes  tne  design  and  fabrication  of  the 
tooling  (including  roajidrela)  to  support  the  pj*oJect.  Mandrel  production  is 
a ’ritical  area  with  only  two  outside  sources  being  currently  available. 

(Atrex  Piv.  of  Wallace  Murry  Coi*p»»  Jiewii^gton,  Com\;  and  GFt'J,  Steyr»  Austria.) 
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Inclosure  1 - Representative  Rotary  Forge  Cost  SavinRs 


The  frdlowinR  cost  savings  are  representative  of  the  magnitude  of  savings 
obtainable  in  producing  a rifled  ami  chambered  small  arms  rifle  barrel. 
Additional  savings  are  available  in  tiie  production  of  plated  barrels  tiirough 
the  elimination  of  the  electropolishing  operation. 

Tooling  costs 

(Rifled  & cbembered  barrel ) 

Convention  Rotary  Forge 

(Per  1000  barrels)  (Per  5000  barrels) 


Body  reamer 

$262.00 

Forging  mai^drels 

Second  shoulder  reamer 

$250.00  (20  $1*50) 

$900.00 

Bullet  seat  reamer 

$200.00 

Forging  Hammers 

Rifling  broach 

$606.00 

$2000.00 

Bore  reamer  {'i%  $8i.OO) 

$2*1 1.00 

$ 1,>6J.00  12900.00 


Tool  maintenance  costa 

It.  hoy.  00 

0.00 

$5,963.00 

$2900.00 

Tool  sort  per  barrel 

$ 5.96 

$ 0.56 

Tool  cost  savings  p«r  barrel  $5*36. 
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Operating  Costs 

(Rifled  <fe  Chambered  barrel) 


Conventional  Rotary  KorRe 


Drill  ban  el 

.0758  Hr 

Drill  Blank 

.0425  Hr. 

Rough  Turn  barrel 

.1086  Hr 

Turn  blank 

.2000  Hr. 

Rough  ream  barrel 

.0552  Hr 

1 

Finish  ream  barrel 

.0552  Hr 

Broach  rifling 

.0921  Hr 

,3869 

Forge  rifling  8t 
chamber 

.1167  Hr 

Bcugh  in  chamber 

.1123  Hr 

Semi-finish  Chamber 

.1193  Hr 

Finish  chamber 

.U52  Hr 

O.T33T  Hr  0.3592  Hr 

Operati tig  Time  tavihgs  0.3745  Hr  Per  Sarrel 

Operating  Coat  eavitiga  (i  $22.00  per  Ur.  $6.24  per  liarrel 


Operating  Coat  aavittga  $3.24  per  Hamrl 

tiling  Coat  aaelnga  $5*38  per  Barrel 

^otal  Kotaty  Forge  Savittga  $13.62  per  Barrel 
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1.  Rotary  Forge 


2.  Pilot  Line 


3.  Rifling 
U . Chambering 


5.  Production  Pi'ocess 


The  objective  of  this  program  was  to  provide  an  improved 
method  of  maj»ufacturing  milit-ry  gun  barrels  ranging  in 
bore  size  from  .22  to  .50  caliber.  During  this  project, 
puitablfe  equipment  was  purc:.asod,  and  a pilot  line  for 
cold  rotary  forging  of  barrr  '-'  war#  established.  Excellent 
bore  qualities,  I'eproducibility,  reduced  process  time  and 
reduced  tooling  coots  were  dev  AStrated.  By  rifling, 
chambering,  and  dimultaneouo  exterior  contouring,  many 
convention^  machining  operations  were  eliminated  with  a 
gain  in  production  rate.  ITie  cold  rotary  fox*ging  of  gun 
barrels  has  been  implemented  as  a pn>duotion  process  for 
the  Rock  Island  Arsenal.  0j*eater  utilization  will  occu*' 
when  engineering  design  is  more  closely  correlated  tu  the 
manufacturing  pi'ocess. 
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